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courrence and Potential
Significance of Perflusrooctansic
Acid (PFOA)
Jersey Public Drinking Water
Systems
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Lfsr detection of perfluctooctanois acid (PFOAS it two New
Jarsey (M4} public water systems (PWS) st concentrations up
10 019 ngfl, a study of PFOA in 23 other NJ PWS was

sonducied in 2008, PFOA was detected v 15 {85%) of the
sysiems at concentrations ranging from D005 o mm gl To
assuss the sipnificance of these daty, the contribution of
drinkimg water 1o hurean exposure 1o PROA was evelusted,
and @ health-hased drinking water concentration piotective for
fifetime exposure of 8048 wg/l was developed through 3 sk
assessment approash. Both the exposure assessment and the
health-hased drinking wafer concentrations are based on
the previously reported 1007 ratic betwean the concantration
of PFOA in serum and drinking water o 2 convaunity with
highly contaminated drinking water. The applicability of this ratin
1o Ibwer drnking veater concerirations was confirmesd using
data on serum levels and vater concentrations from other
ramurities, The health-based concentration fs based
on toxieslogical end points idensifiad by U3, Endronmental
Protection Agency (USERAS in its 2008 draft sk assessment
%ceﬂr information on PFOA s toxicity not ponsidered inthe USERA
ok assessiment Turther supnortsthe health-hased conceniration
m 004 pgh. in additional sampling of 18 PWS i 20072008,
PFOA In most systems was belowthe heslth-based concentrat
Howsver, PFOA was detected above the health-based
concentration in five systems, including one not pravioush
sampled.

introduction

Forfluoroacianoic acid IPFOA} s found in blood of people
wortdwide (1), including 99.7% of a representiive sample of
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the ULE. pop popadations, the
geomuetric mean serum levels were 3.9 ngf/l in 20032004
and 34/ Lin g “his widsspread luuman expusure
isof concsm sistence and toxicity. PROA
has & half-life of several vears in humans (48, and caused
adverse effects on development, lipid metabolism, liver, and
the frymune system, and temors inseveral organs inanimals
(5). by some dies, maternal ‘exposures in the weneral
popuiation werg associated with decrebsed birth welght and
other measure af growth (658, while other studies did
riot find these effecis {8, 1), Somestudiesof exposed workers
fuund associationswith adverse pittcomes including diabetes
mellitus and increasad chslesternl, whersas other studies
were pegative (3, Preliminary results of a study of almbst
TO 000 people exposed through drinking water suggest an
assoeiation with several clinical parameters messured in
blood, incdhiding increased cholesteral (11, 124,

‘aamwm ofe\pmme 1o PFOA include consumer products

- house dust (M) diet {15} and drinking water [16).

socvurs thirough metabolisin and ervirenmental
senisforiviatinn of the ¢ “te(i chergical, 8:2 fusraiglomer
alcobol, which is used in food peckeging and other
prodocts (174

PEOA and other petﬁu@rzmted cm micals
b surface waters {f d%} ’ii‘id duz ' 1g W ie? { ’4:
several county ¥
fighting fc:m

S wcm dc:ctwd

3 ( 363 T} rin E:in w

amib e Qiaz umam :
tand (20). Blood Jevels of P
with rentaminated drinking wate )
serum concemstion approsimately 100-fold higher thanin
drinking water in those exposed for at least two years {16].
The first goal of this study was to evaluate the socurrence
of PPOA it W] public water systems (PWS), following its
detection in wroundwater of pwo PWS at'cofcentrationsirom
G.007 to 8.19 /L 128, An cccutrente study was condug
by NIDIEP in 2006, and adﬁmmml sumpling was performed
by NP PWS in 20072008, gtiditdonal goals were 1o
evaluate the significance of FFOA indrinking water for human
exposure and potential vman health visk. The contribution
of drinking water concentrations such asthose found in NJ
' '1‘0 ??‘O& WaS oV aiu(md A héwdth-basad
pedusingend paints
noerital Protection
: i B{}th ihtﬁ e\pmuw assessment and
health-based water concentrgion were based on the ob-
served ralationship between the conesntration of PFOA in
drinking water and serum s humans {181,

Iy

Experimental Section
Sample Site Selection. For the 2006 occurrence study, 36
samples collected by the New Jersey Departroent of Prrei-
ronmental Protection (NI v inchding 2% from 23 PWS,
icate sample, six ﬁe,id blanks, and ane tip blank;
Gy PROA The studyinduded svsteris supplied
wr antl surface water.

systems chosen included seven with suwrface water
invtadkess within 10 miles, or with public wells within 1 mile,
of five facilities where PEOA or related chemicals may have
been present. Pour additional systems with a history of
organic contamination were included, since these systoms
are thought tobe ungmued by releases 1 brdustrial and
conmerciad aotivid asing the Hkelihood of PFOA
detection {36, One gmux}mmtu and one surface water
systen with no history of orgenic contamination were
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TABLE 1. PYOR in BJ PWS Sampled by BIDEP, 20867

pablin watdr
syslem rawyf

site no. B sumber source water finished PFOR {pgll)
1 MNIZTID0GT  GW, anconfined  Raw M
2% MIOZTTORY,  GW, unconfined TAW Q.26
Wedl 4
2W2 MJISZITD0Y, AW, unconfined Fa 4,033
Well 2
3 MNJGZZI00T  GW, unconfined raw 0.833
g MAIEGS00Y  GW, undonfined raw 04128
5 MITI0700Z  GW. unconfined raw 0.067
8 MNJB424007  GW. unconfined YW £13]
7 PJGTIR002 . GW, unconfined rEw MO
& MNJOTTTO0T  GW, unconfined T {1021
] NS00 GW, unsonfined raw (1.5008
14 NIOBTS003  GW, uncordined raw 218
1R MITA3S00Z GBW, unconfined  raw 0.806

finished 0006
finisheod B.O0GL

11F MIT350G02 - SW, unconfined
127 MATOOP00?  GW, unconfined

TAGWT NJTTI2G0T  GW. semiconfined raw &.02 700287
14 MJTATE00T  GW, confined raw N
15 MAGS14007  GW, confined finished ND
16 MJTETA00T W FEW 0.008
TI8WY NJITIZ601  BW Fave G010
17 NS1219001 3w Fgw B4
18 MNARIRO0T BW finished NQ
TER MNJIUB27001 BW raw NG
197 WATEITO0T AW finished NG
30H MNITBOBO0Z  SW Faw Q.0z2a
20F MJIBOBOD2  SW findsherd D027
2IR MIZOTIBT SW raw 8.035
21F MNIZOTI00T  BW firdehad 1039
P WNJIRE200L BW, reservolr W 011
23 NJOZESOOT  SW, reservolr rawe 2.021

SGW, ground water; SW, swiace water. YNB, not
detectad, © NO, detectad helow BL. ¥ There is no history of
organde contamination at thess PWS, © This PWS has bath
a groundwater and a3 surface walsr soures fLaboratory
dupdicate,

sefected for comparison (33, Other sites were chosen
spand the geographic extent of the sampling. Both rew and
finished water samples were eollected at three surface water
and one groundwater systens.

1n 2007~ 2008, additiona sampling was conducted by N
PWS. Samples (201} were colfected from points of editry
(POFs) into the distributing system, individual wells, and

fmne waler intakes at 13 systems, including 12 with
te lovels of PROA in 2008, and six not sampled in

dote
2006,

Sampling Procedure. Ssmple colleotion was percformed
by NIDEP personnel, following the stundard operating
procedurs for the analytical method (371, A singleuniiltersd
250 ml. grab sample was collspred feom designated sampling
iocations used for other monitoring purposss.

Six fielsd blanks were prepared by pouring distilled water
into collection bottles at sites where the greatest and least
possibility of comamination was expectad. The trip blank
gopiiadning dist prepared by the analyticeal
taboratory, shipped m 1 }i.e personned, and returmed to

the faboratory unopensd with that day’s other samples. A
duplic sample was collected st ome site {Table 13

B dures for sampling conducted by W] systems in
2007~ 2008 conformed 1o relevant NJDEP and LISERA regu-
lntions, with analysis performed by several NJDEP certified
tabaritories,

Anodyiical Method. The 2008 samples were analyzed for
PEOA by Test Amnerica, Denver, GO using liguid chroma-
mgmph‘y and tndem mmss spectron {LEFMEIMEY
proass Uldmg MS/ME or Waers Micromass Quatiro
ei tandein massspectrameter) (31 Anisolopedilution
rechnique using 4 13C labeled PFOA analog is used to quantify

TEOHN
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Detected
@ Trace
o Non Detect

==

3 A

.. .1 Counties
FIGURE 1. locations of NJ PWE sempled in 2006 PFOA
poourence shudy.

PEOA. The PROA it ion (wda = 413 sl and two
davghter fons { 68 and 219 amu) are used for
qualirarive identification. dppraach ﬂmadc:s?(sw fetto-
Hon Hinits and @ Migh level of quali ;

The laboratory’s report
G.004 ag/L. Detections
guantifiagbie NG

The 20072008 sarmples were analyeed by several labo-
ratories certified by MIDEP asing the L/ MS/MS rechnique,

Sanples were generally collected and :zm?yff*fi qum‘aerh
Rh}‘if.’ﬂ‘iiﬂ” values differ among laboratories and ranged from
001 to 8.015 il

™

Results and Discussion

2006 Study of Uerurrence of PPOS in NI PWE. PFOA was
deterted at orabove the REL in 20 {B3%) of the 29 samples,
and in four additional samples below the BL (Tabls 1, Figure
1), Of the 23 PWS in this stusdy, 15 {65%) had detections at
OF ahmfe thie KL, and three additional systemy had detections
below the RL. PPOA was detected i § of 12 {750
gm{mdwmu &nnplea fromy uncondined or semiconfined
aguifers, butwas notdetectedin the two raw fe.g., urdrnated)
groundwater samples Frova confined aguiters. All thres
samples of finished {eg. t;mtadi groundwater from un-
confirred aguifers had cimm.ta%)ie tevels of FFOA, Sever of
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TABLE 2. NJ PWS with PFOA Detections =0.98 !l in Bata Submitted to BJIDEP, 2087 2988°

site na. PWEIR sarce water type
8A MNIOZT7001 GW, unsenfined POE
8B MADTITOM GW, unconfined PQE
24 NJQw%w GW, uncornfined POE
258 MIYTOTOM GW anconfined Wl 1
2EH MNJITTOTHN GW, unvonfined Weall 2
250 MNITFOTO0T GW, uneonfined POE
21 N.4201 3001 S POE
3 NIGZ2 1001 GW, unconfingd POE

2 GW, ground water; SW, surface watar.

sumber of samples average (gl raage (pghl

4 0.068 GO58-0.084
4 D068 0.063-0,072
3 0,060 G018 0.069
5 0.083 5.662-0.1

B G078 {1,065 ~1.14
& 0.078 §,063-0,10

1 2.040 £8.040

4 0,034 0,028 0,045

the eight raw surface water sarmples aud two of the four
fintshed surfece water samples had detectable lovelsof PFOA.
There was no apparent difference between rew anid finished
water eollected at the same sykters. PROA was not detected

above the health-based concentration {see heic: w) of 0.04
pgfl in this study. PFOA was not detected in the shfiskd

blanks or the one trip blank. Additional details are provided
i an NIDEP report (28,

Additional PFOA Data from NFPWS. In 2008, FOA data
were sphmitted to NMIDEP from two PWSwith wells Tecied
near a facility that used FROA in mianafscturing processes
aned processed waste contalning PFOA. These 3 25 WEIE
anabyzed by Avys Analyrical Services, Sidney, mméa, abd
ort Research, Stste College, PAL At one of thesesysiems
INTITOT00L, site no. 25}, PRFOA was detected a7 upr 10 8123
and (.19 pg/ Lin shallow aconfined wells fromiiwo d‘iffﬁre;‘at
wellifields, but was not detected in desp uneonfined wells
from these welltields, A1 the other svstem (XK1 mar‘;m slie
9. 26}, PFOA was detected I oneof ewht raw groundwater
sammples at D078 and 0.01 78 e/ L. and by findshed wamrup
B4y E} (mm il (28]

20672008, 201 sampies collected by 1B PWS, Including
12 sam;:ded in the 2008 study, were analyzed for PFOA.
Sampleswere collected from one or move POE al each systen,
with one to six samples for each POE, as well as from
individual walls und surfrce water intebes. PFOA concentra-
tions ranged from nondetectabde (<Q0F pgfli 1o 814 g/l
FOA was detected at or above the health-hased concentra-
tian [see helow! of (.04 e/l o at least one sample from five
s { Table 2}, Em‘i:sai'rg one not sempled in 2006, Yeardy
average concentrations taverage restlts from fourconsenutive
gusrters) excesded the he 15%‘ hased concentration for four
POE from three different systems,

Potential Contribation of PFOA at Concentrations
Found in Nf Drinking Water 1o FPOA in Serame A moedian
vatin of approgimately 11100 was observed between the
roncertration of PEOA in drinking water and sepum in Litte

Heaoking, Uhdo (18], In dils ummm‘dty, srinking water had
been contaminated by a nearby industrial %‘awii'i\. mh an
average concentrton of 355 /L i 20022005, Thermedis
PFOA serum concentration By 282 individuals tested in
20042006 was 371 L. with ocoupationaly exposed
individuals excluded. This ratio is based on those sbx years
and older, while a higher ratio was observed for younger
i\ hﬂch ert {16). The ratio was based on data from individuals

e hadd resided in Little Hocking for ut least two vears and
wis it refeted to vears of residence. H o shndlar reht_mnship
ts valid at tbower nking water concentrations, such as thoss
detected in NI {Taldes 1 and 2}, thon such Soncentrationg
miy contribute substantiafly o totel exposure 9 PFOA

Data-are sveilible on both the range of historic drinking
water concentradons {32 and the serum levels of PFOA in
sumples taken iy 2 2008 (33 in Ave Ohio and Wost
Virginia water districts with lower PROA voncentrations than
Little Hocking, The median serim EW’! in each of theze
districts {Table 3} is higher than the IS median of 4 ggfL

-a

TABLE 2, PROA levels in Drinking Water and Serwm in
Communities in Bhio and West Vinginla

PFOA Jevsls median sermm

reponied by PFOA level

water distrigt water district {pg {38 lwg/lH (33
Little Hocking, OH 1,743 224
Lubeck, WY 3432 Fit
Tuppers Plains, OH 3.35-0.37 35
City of Belpre, OH G.08~0.13 37
Masan Courty, WV 00803 12
Village of Pomaray, OH 0.06--(.07 12

[2). The range of PPOA levels in thess districts may include
vesults from multipte POEs, and the numberof people served
by sach POE, as well s the varigtion of concentmtion over
thme, are not knowis, Therefors, the mean or median drinking
water congeéntrations in these districts cannot be a(..g.mramiy
estimated from the range of concentrations. For this reason.
the median ratio of deinking water to serum concentrations
for these districts cannot be reliably determdned, aswas donz
for Litde Hocking (I8). However, it can be seen that the
median PFOA serum eonoentztion inereases with increasing
O concentration in the drinking water.

lege of Pomeroy had the lowest PFOA concentration
07 1g/ L), about 50-fold lower than in Little Hocking,
ce this range is narrow, the average can be reliably
estimated a5 1065 grfl. Based b ¢ stimate, the average
vatio of PFOA In serun 1o drinking water in this distriet is
185:4.

For lower drinking water concentations, norpvater sGurces
are Hkely o contribure o greater proportion of the PFOA In
the Blood than i those using highly contaminated water. To
find & lower bound on the atio of senun {0 water PFOA
concentrations, It can be assumed that none of the U5
Background serm concentration of aboutd g/ results from
drinking water, I this serum concentration of 4 pg/l s
subtracted from the medien sevum concenttation for Vitlage
of Pomeroy (12 og/l), the ratio of the remaining somm
contenttation {8 gg/L} to the drinking water concentration
{06508/ 1) i 1231 Therefore, PFOAapprars to concentrate
in serum of people exposed 1o lower drinking water con-
centrations Iy » slmilar rativ o that repovied in a highly
exposad comrinnity (48]

it should be nored that secum levels for individuals with
pecupational exposure (2% current, 3% fomern) {33) were nat
excluded from the datashown in Table 3. However, since the
munber of subjects o such district Is lavge, and the serum
concendrations are medings, rathevihan medns,; it is undikely
thiat the overall trend would chasige if cccupationally sxposed
incdividuals were exchaded.

This chaerved serum/drinking water ratio of approxi-
mately 10021 s inagreement with & tnie-compartment mode
{44y which predics that ingestion of0.0017 sgikg/daywonld
resgt in seman Jevels of 13 pgfl in madesand B g/l o

2

VO 43, M0, V2 F000 / ENVIRONMENTAL SOIENCE & TBCHNOLOGT » 4549

ED_002330_00119797-00004



or amean of 105 /L. Assuming a drinking water
5, o dose of 0.0017 seikglday
would result from a water congentration of 2.3 xgfl. The
ratio between a serum concentration of 10.5 4g/L and thds
water concertration of 01 ag/L s 105:1, identical to the
wisdiom ragio reported i Little Hocking {18},

These resulls 3 i that PFOA In idrinking water at
concentrations such as those found in N PWS canosub-
stantially contribute 1o total exposure 1o PFOA. For example,
PEOA was found st 2001 s/l in 13 of 39 samples in the
2006 study [Table 13 Based on the 1001 ratie, & drinking
water concentraton of 0401 /L s sstimated to condribute
about T agfL o PROA In serum orabout 25% of the 4 pgfl
median serum level i the general population.

Development of a Health-Based Drinking Water Ton-
centration for PFOA. The draft risk assessment for PFOA
developed by USERA (29, which identified toxicologioalend
poinis in experbnental antmals, was used as the m’ting point
for development of a health-based drbnddng water concon-
tration protective forlifetine exposure. The goal nfﬁ)e LISERPA
risk assessment (&% weas o evaluate the significance of
exposure in the general population. Because the hall-life of
PPGA is mauch Jonger in humans {several vears than in the
animals studied {24 b to 30 days) (5, 29, a given external
dose 0. admmmtﬁred dese in units of mgﬁi«’hinv} resuiis
ins mohs greater internal dose {as indicated by serum level)
in heunans tharn o antmals: Therefore, comparisons betweon
effecy lovels in animal studies and hurnan exposures were
made on the basis of serum levels rather than external dose
(25,

UAEPA {29 compared sevum levels of FPOA at the No
ﬂbscrwai Adverse Bffect Levels (NOAELs or Lvwest Obisatved
Adverse Effect Levels (LOAERLs! fromyanimal studies to serum
levels of PFOA inthe general human population 1o develop
moargins of exposure for noncancer end pmm:s, Additionatly,
USEPA (25 classified FTOA as having “suggsstive evidonge
of carcinopenic potential”, whereas the USEPA Science
Advisory Board (36) disagreed and recommonded a clas
sification of “likely o be carcinsgenic o numans”. The blood
concentrations at the NOAFLs and LOAELs for noncancer
end points {25, aswell as for the dats used for cancer rigk
assessyent (371 are shown in Table 4.

USEPA (29 did not develop 2 Relference Dose (BRI} or
cancer slope factor for PFOA, nor did they address the
relationship between the external dose and the human serurn
level, Information on this relationship Is vahsable for
developiment of o health-based drinking water concentration.
To develop a health-based drinking water concentration for
PEOA, we devived target hursan serum levels by applving
grandard uncertainty aetors {UFsHor RID development (38)
to the measured or modeled se ds identified {28, 39
as NOAELs or LOAELs for non ey end points (Table 4

The UF of 10 seies wktrapolation typles
inchudes hao Tactors of 3 each for toxicokinetic and toxico-
dynamicdiffersnces benveen humans and anfroels (38). Since
the haalth-based drinking water concentrations are based

; anbinals and humans, the
arisonon this basks fully
ﬁzruwm, an d whsther

formades,
intake of 0017 Likg/day

£

qriestio £

addresses intersp
ar interspecies § 5
The JSER %t‘mnw:’&dmm}*RwrdJ 36} he‘?geved that overall
*inf*' abmai *hf’ interspecies d;ﬁmmcm in ?’i-‘f'h"\

i1 Eeveix to ;w* ¥
mi@r\pem i U Therefors, the amndazd mwu
1 was tsed,

Par the cancer end poing, the sevum feve] resultingina
b risk level was estimated by linearoxtrapoiation fromy the
serum fevel In antimals ava dose resulting v an approxdmate
% ey incidenes {Table 4 {37 Linear extrapolation is

HE50 8 ENVIRGNIENTAL SCIEN SAMGY SOVOL. 43, KNG 1 3008

ngi Lowere decreased hody weight and hematological effe

recommended by USERA 140} as a default approach when
the minde of action for carcinogenicity is unknown.

In developing heabh-based drinking water values for
noncancer end points, a relative soutce contrimtion {BSC)
is applied 10 account for nondrinking water exposuresta the
contaminant {41, 2, The default value for this factor 15 20%
fe.ge, nondrinking water sources are assumed o provide B0%
of expustire} when the relative contributions of drinking water
versus pondeinking water sources ave not fully charscterized,
asisthe case fort "’M Thergfure an RSC of 20% was applied
to the target human serom levels for noncancer end points
o derive the serum concenirations that are the targst
contribution o the htman serum levels fromdrioking water
{Table 41, No RSC is used for the cancer end point, as the
target human seur: concentation is based on the 1078 Hsk
fevel from drinking water exposure only.

As diseussed above, the relstionship between oxternal
dose.and serun lovel was used for development of a health-
based drinking water conventration for PFOA, The ratio of

Y between the eonwentration of PFOA in serwum and in
drml» cimg water which was reported for 2 high deinking water
concentration {18} also anpe‘m be valid at lower con-
rations relevant 1 this analysis (Table 3. The health-
Hrinking wator concentration for each end point was
derived using the 1 ratio fi'atn the target human serum
concentration cantributed by drinking water for they mr’

o

point ibit‘ 4. As this appmd{'h ia hased on the observed
relatinnship between serum and drinking water concentrg-

tons, sssumptions for body weight and volume of watir
ed daily are not required.

Therange of healih-based drinking wader copcentrations
sewent endd points assesserd Is Q09-0.26 gp/L, and
fthe concentrations are very stentlar: 0,04, (.05, 0.08,
0. g/ L {Table 4). The most sensiihve end polats,
reswbting in the lowest drinking water voncentration of 0.04
B
the adult female mt. Cancer was not the most sensitive
end point, as the drinking water concen tration based on the
10 cancer gisk level i 0.06 ag/l. Therefore, the recom-
mended health-based drinking water conentration for PFOA
is 00 pgiL .

Both thie USEPA Site Specific Action Level for PYOA in
drinking water in West Visginia and Ohio (43, and the
Minnesote Beparmpent of Health's (MNDOH) Health Based
Yahue {441 for PFOA In groundwater are 0.5 pg/l. Thrse
assessimnents are based on a & month subchronic) study in
mate cynomolguy monkeys (Table 4], and use the ratio of
haif-lives for PFOA 1 extrapolate betwsen andmals sl
humans, rather than the BT rvatio betwesn serupn amd
drinking water used in Table 4. Based on pharmacokinetic
principles, buth approaches should give the sarme resuleif
the paramieters and sssumptions used are correct. The
drinking water conceniration derived in Table 4 for the same
studdy and end point tsed by USEPA {43 and MNDOH (44
is .05 pgfL. The 10-Told differenicn arises only because the
drivking water concentrations developed in Table 4 include
a0 UF for extrapolation from subchronic to chronle exposure,
while the USEPA and MNDOH risk axsessionts o ot Astde
from the 10-fold difference, which is explained by the use of
thin UF for duration of exposure, the approach used in Talde
4 aned the approaches used by US arid MNDOH give
iden tical results, providing Barther strength for the use of the
1001 rasio i developing a health-based drinking water
conventration for PFOA

Hecent Human and Andmial Data Not Considered in
Pevelopment of a Health-Based Driakiog Water Concen-
tration. The health-based drinking water concentration of
.04 el Lovnsidered only toxivological end points identified
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human and animal
have since beoome

PA 20, Additional date from

P

by U
studdies not vonsidered by USERA {3
available.

The developmental studies considered by USEPA (29 waore
conducted in rats. The rat s aot an appropriate model for
evaluating petential buonay developmentad effects
Becanse s half-life i the fomale rat s very short
s the two uanop rat study oo sidered by USEP,
iy which I edasa h{;!us df)%. atlatels evei

as ot continunus, Ti‘;{e malse i more :;_;_:pr:_};::riam
for developmental s;mdie»: of i—’i?{)ﬁ, aince the hall-life in
ferpale mice s long days J 3, and PFOA levels reach
steadystate, w gshce‘mmmmi‘ i
mouse developmental studies (5, 4548 show significan
e in the rat, including full Rier resorption
ality, devreased birth weighy, delayed growth
a;;{j( svelopment, effects on ey gland de vo i{“;_; nent,
inereased pup Hyer weight, structoral changes o the wterus,
and merabolic effects in mdui‘i 1oad after pronaial exposures.
SEFA {48 hag recentdy (January 3008} fiweiuped #
onal Shart-term He aithf&d\uscm"m FROA e deinking
water of 0.4 #gfL, based on Increased maternal ver wemm
after m’imm strttons of PROA for 17 days (45 Applving a
standard UF of 16 for subchronic to chronto stposdre to thix
value would resulitin a drinking water concentration of .04
sfh, idersicat to the lfetime health-based guidance devel-
oped here. However, exposure for 17 days is ins ot o
be considered subchrond &, and therefore may not be
appropriate for extrapolation to a chronic dsk assessmant
based on asystemic effect such uy increased Hver waight,
Additionally, other studies of similar or shiorter duration mot
considered by USEPA {49 show effects inmice at dosesbelow
those used in the study selected by BSEPA {45). These effeits
include increased lver weight in dosed adults (81}, amd
ssed pup Bver weight {(46), metabelic effects n adulthond
(47 and struciural cimnza frr thie uterus {48} Tollow
Wt‘ndldl sxposure, Bvaluation of these studies could rmu
in.a short-terns healih-based concentration below {04 pg/fl.
Preliminary data are 2 .abmidisk« from the G8 Headth Study,
a study of approgima 70 000 people i Ohio and West
Virginia sxposed to T‘E {V& in drinkiug water a1 O.05 pgdl ox
above {11, 33, This study s unigue beoause serum levels
wiere ysasired, so that effects mayvbe correlated with internal
dose vather than with 2 surrogate such as dr mkww water
concentradon for this very laege snudy group, The mmimn
serum levels in the Gt and second deciles, b and 4.8 pg/l
(EF are within the range prevalent in the US. general
papulation, where, for 2003-2004, the 78th and 95th
rosntile lovels were 58 and 98 apfl (2 Increased
o andd other lipids were assotiated with serum PFOA
levels, after adjustment for age, geruder, body mass index,
and other factors (125 Iy the cholesterol study 112, the
madian PFOA serum tevel was 27 pg/ 1 and the risk of high
chnlestornl increased in each guartile of exposire with
A0S0 tmereass 1 the top quartile compared 6y the lowest
guartile, Simi FEHOA ws significantdy associated
with Increased uric soid levels £52) and changes in several
indicators of inflammatory and Immune response {53'} in
this population. Addi ally, prefimingry data suggest an
assoctation between P {04 serumm levels and several other
clinteal parametsrs measired in blvod, including Hver
etpymes (11 B should be noted that these studies are
ongongand the results are currently undergoing peer review,
The health-based drinking waer concentrations devel-
aped in this paper {Table 4) are internled to protect against
adverse sffects fream a lifedme of exposure. They are hased

h:m S05 W

,,,.,4

on target human serum levels developsd from anmmﬁ data
through aconservative appreach ushug standard Uls for RED

development. However, recony data suggest that biclogical

BEE2 & FNVIRUMENTAL SCENCE & TEOHGGLGAY F VDL 43 NG 12, 20880

effects may occur in hurmansin the range of the target serum
levels presented in Table 4. The lowest target serum lovel
derived from antmal studes [184 1"1 } falls within the second
quutrtile of the 08 Health Biady (12, where associations with
elevated cholesterol and uric acid, "m(i mangus in immne
systen function, wers seen {12 33, 53 53 Addittenaliy,
assuciations with effestson growth of infants &, nrreased
e to pregnansy (541, and decreased normal Sperm tount
(3R werereported in bumans atseran levels below theoarge
husnan serum lovels in Table 4, although otherstudies (8, 19
did not show effects on mia.m growth,

In conclusion. PFOA was comtmondy detecied T faw and
rshyed warer frova W) PWS using both surface and growd:
watsr sources, Based on the felationship botween the PFOA
concentrations in drinking water and serian iIn humans,
drinking water concentrations such as those detected in NI
{001 g/ may comrbute substantialiy to total exposure
i PFOA. A health-based drinking water concentration of
(0 et L was develo ;‘3:;3;1 based on effects inanimal studics.
Rmtm amimal and buman sdies provide additional in-
formation on exposurs to andd pffects of FFOA. While PFOA
in most NI PWS was below the health-based concentration,
sevaral New Jersey PWS exceeded this concentration.

gy

&skwwﬁaﬁgmam
’ ridywas conducted tirough the cooperative
wts of the staff of the NI Department of Environmental
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(DS, wc}m: iy Edward Apalinski; John Berchiold, Linds

Brnnette, Alan Dillon, Mare Yerko, Karen Fell; Barker Hamill,

e Eileen Murphy, Michele Putnarm, aed Dy Berrde Wilk.

We thank Gail Carter of DSET for cresting the map, Dy,

Thomas Atherholt of DERT foy helpfud comment, and Dy

Aan Stern of 3SR T and Dy, Perry Cohn of the N Department

of Health and Sentor Services for thelr garlivr review of the

basis for the health-bassd drinking water concentiation,

Finally, we especially i'han'iz: D, Pileers Murphy, Divector,

DISET, for her enuhusiastio support of this work. The views

expressed wre those of the authors and do not necesaarily

represent those of the New Jersey Department of Environ-
mental Protection.

Mote Added after ASAP Poblication

There was an error In the range column of Table 2 i the
version of this paper that published ASAP May 8, 2008; the
correrted version published ASAP May 12, 13{}{3‘:'}‘
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